In 16 patients with intraventricular conduction delay (IVCD) and cardiac arrhythmias, procaine amide (PA) was infused intravenously at rates of 30-40 mg/min until a maximum dose of 750-1,000 mg was administered. His bundle electrograms and plasma PA levels were obtained every 5 min during infusion and for 25 min thereafter. The mean peak PA level (10.2 3.4 ,ug/ml) was achieved at the end of infusion. Mean control A-V nodal conduction times (A-H: 99.5 -+-34 msec) and A-H at peak PA levels (90 + 15.3) did not differ significantly. However, the mean infranodal conduction time (H-Q) at peak PA (68.1 + 14.8 msec) was significantly higher than control measurements (57.6 13 msec) (P < 0.001), with a mean percent increase of 18% (11 msec), and maximal prolongation of H-Q occurred at peak PA blood levels. There was no statistically significant correlation between maximum absolute or percent change in H-Q and control H-Q, control QRS duration, or peak PA levels. One patient with sinus bradyeardia had further decreases in rate and a junctional rhythm after PA. Intravenous administration of PA appears safe and effective for patients with IVCD in terms of arrhythmia control and absence of high degree A-V
ography Atrioventricular conduction studies in subjects with normal atrioventricular (A-V) and intraventricular (IV) conduction demonstrated that infusion of procaine amide results in impaired conduction and increased refractoriness of the His-Purkinje system.5 6 Moreover, procaine amide administration has been implicated as the cause of high degree A-V block in patients with cardiac disease.7-9 The risk of procaine amide administration inducing higher degrees of A-V block or serious ventricular arrhythmias in patients with IV conduction delays is unknown.
Catheter recordings of the His bundle electrical activity allows more precise localization and quantification of A-V conduction disorders. This technique was used to assess the safety of intravenous administration of procaine amide in patients with IV conduction delay and cardiac arrhythmias. In addition, the relationship between differing clinical states and plasma procaine amide levels achieved and the relationship of these blood levels and the degree of A-V conduction impairment were also investigated.
Circulation, Volume XLIX, March 1974 PROCAINE AMIDE ON IV CONDUCTION Materials and Methods Sixteen patients with stable IV conduction disturbances and chronic or acute cardiac arrhythmias requiring suppressive therapy were included in the study. Patients with recent (less than 1 month) myocardial infarction or severe heart failure were excluded from the study. A complete medical history, physical examination, serum electrolytes, blood tests to evaluate hepatic and renal function, and 12 lead electrocardiographic tracings documenting the rhythm disturbances were obtained before study in all cases. No patient was receiving drugs known to affect A-V conduction, except three with atrial fibrillation or atrial flutter who were receiving digoxin prior to and during the study. The study was approved by the University of California Committee on Human Experimentation and informed consent was obtained from each patient prior to the study.
His bundle recordings were obtained as described previously10 using standard techniques." His bundle electrograms and scalar leads X, Y, and inverse Z leads of the Frank orthogonal lead system were simultaneously displayed and recorded at a paper speed of 100 mm/sec. The A-V nodal conduction time (A-H interval) was measured from the initial rapid deflection of the atrial electrogram to the initial deflection of the His bundle depolarization. The His-Purkinje conduction time (H-Q) was measured from the initial His deflection to the earliest onset of ventricular activation detected in the surface electrograms. The normal ranges for A-H and H-Q for our laboratory are 70-120 msec and 35-55 msec, respectively. The QRS duration and the interval from the earliest onset of ventricular depolarization to the end of ventricular repolarization (QT interval) were measured from the surface leads.
Procaine amide, 750-1,000 mg, was diluted to a volume of 50 ml of 5% dextrose and water and a 5 ml aliquot was removed for determination of procaine amide concentration. The remaining 45 ml solution was infused into a peripheral vein by a Harvard constant infusion pump over a 22 min interval (infusion rate of 30-40 mg/min). A polyethylene catheter was inserted into a vein in the other arm opposite to the infusion site for periodic blood sampling. Plasma procaine amide levels were determined by a spectrophotometric technique.13 Control measurements of the cuff systemic pressure, heart rate, A-H, H-Q, P-A, QRS, and QT intervals were recorded and repeated every 5 min during and at the termination of the infusion and for 25 min after procaine amide infusion. In addition, 30 sec recordings at a paper speed of 25 mm/sec were obtained at the same 5 min intervals in order to count the number of premature beats. Blood samples for determination of procaine amide concentration were obtained simultaneously with each recording. The procaine amide infusion was terminated prior to completion of the study in two patients (table 1) because of hypotension (P.J.) and hypotension and junctional rhythm (F.B.), respectively. Because of the anticipated small changes in the measured intervals, great care was taken in the measurement of this data. The various intervals obtained from both the surface and intracardiac electrograms were measured by a specially designed grid which was calibrated at Circulation, Volume XLIX, March 1974 0.5 mm intervals and the mean percent interobserver error was 4.6 ± 2.84 msec. The position of the catheter was not changed during the study and although beat to beat variation in atrial, His, and ventricular electrograms (most likely attributable to catheter motion) were frequently noted, this never resulted in significant changes in the measured intervals. Seven to 10 consecutive beats were analyzed for each 5 min study period and the average values obtained were used in the study.
All records were analyzed independently by two of the authors (A.W. and G.S.) and the interobserver differences were never greater than ± 3%. These data were analyzed by Students paired t-test and a P value of <0.05 was considered significant.
A total of 16 patients with IV conduction delay were studied and the pertinent clinical information, peak plasma procaine amide levels, and electrophysiologic data are summarized in table 1.
Results

Plasma Procaine Amide Concentration
During infusion, plasma concentration of procaine amide rose to a mean peak level of 10.2 + 3.4 (SD) gg/ml near the end of infusion ( fig. 1 ) in all patients. A slight decline in plasma drug level occurred in some patients between 20 and 22 min and was probably due to a slight delay in synchronizing blood sampling at the actual completion of infusion. The plasma procaine amide concentration fell rapidly in the first 5 min postinfusion and then more slowly over the ensuing 20 min. The mean plasma procaine amide level was 4.9 ± 3.2 ug/ml at the termination of the study. Wide variability of plasma procaine amide concentrations occurred despite MEAN 000 GX 00 2 ). There was no correlation between plasma procaine amide levels and presence of congestive heart failure, renal insufficiency or hepatic disease, but the number of patients with these diagnoses was small (table 1) .
The highest blood level of drug was found in the one patient (W.H.) who had evidence of congestive heart failure and decreased peripheral perfusion.
A-V Conduction
Control A-H intervals were within normal limits in 12 patients and prolonged in one. Atrial flutter (with variable A-V conduction) or fibrillation was present in three. There was no significant correlation between chlange in A-H and plasma procaine amide levels. At the peak procaine amide concentration, three patients had depression of A-V nodal conduction, two had increased conduction, and seven subjects had essentially no change in A-V nodal conduction time (<2 msec difference). The group as a whole showed an over-all mean percent decrease in A-H time of 9.5%.
Control H-Q intervals were abnormal in eight of the 16 patients (with a range of 60-80 msec). The H-Q interval increased during infusion in 14 patients and remained unchanged in two. Although there was marked variability in the magnitude of change in H-Q intervals between patients, changes in His-Purkinje conduction were parallel with the rising procaine amide concentration, and maximal prolongation always occurred at the time of peak drug concentration ( fig. 1 ). For the group as a whole, mean H-Q time at the end of infusion was 68.1 ± 14 msec and significantly higher than the mean control time of 57.6 ± 13.0 msec (P < 0.001) with a mean percent increase of 18% (11 msec). The relationship between plasma procaine amide concentration and effects on A-V conduction was studied by comparing changes in infranodal conduction time with plasma levels during and after the infusion. In those patients showing prolongation of the H-Q interval (14 of 16) , two types of responses were noted. In each of two subjects (L.G., F.G.) ( fig. 3 ) similar effects on infranodal conduction time were noted for a given plasma level both during and after infusion while in the remaining subjects (12 of 14) the degree of H-Q prolongation was greater for a given plasma level after cessation of the infusion compared with similar plasma levels achieved during the infusion.
For the group as a whole there was no statistically significant correlation between maximal absolute or percent change in the H-Q interval and control H-Q, control QRS duration or peak procaine amide concentration. The group was divided into two subgroups: ten patients had less than 15 msec maximal lengthening of H-Q interval and six had H-Q prolongation equal to or greater than 15 msec. Although the latter subgroup tended to have slightly greater control H-Q and QRS intervals as well as higher peak drug levels, there was no significant difference between the two groups with respect to these variables. The data were similarly analyzed with respect to H-Q times in the subsets of patients who showed either right bundle branch block (seven patients) or left bundle branch block (nine patients) at the time of study. Mean control H-Q time for patients with right bundle branch block was 52.8 ± 8.6 msec before and 64.8 + 13.6 msec after the infusion. Mean control H-Q interval for patients with left bundle branch block was 61.3 + 15 msec and increased to 70.5 + 16 msec following the infusion. There was no statistically significant difference between the mean percent change in H-Q for each subgroup before or after the infusion.
Effect on Sinus Rate
In 13 patients with sinus rhythm mean heart rate increased slightly but not significantly from control R-R intervals of 748 + 106 to 742 ± 95 msec at the end of infusion. One patient with documented episodes of sinus bradyeardia before the study had a decrease in sinus rate 5 min after starting procaine A CONTROL amide infusion that was followed by hypotension and a junctional rhythm. The blood pressure and sinus rhythm returned within 12 min after termination of the infusion ( fig. 4 ).
QRS Duration and QT Interval
Control QRS duration was equal to or greater than 120 msec in 15 patients and one had intermittent right bundle branch block. Prolongation of the QRS occurred in 11 patients during infusion and maximal prolongation always occurred at the time of peak procaine amide concentration. For the group as a whole, there was a small but significant prolongation of the QRS duration (mean change of 14 msec) at peak drug levels (P < 0.001) (fig. 2 ). The QT prolongation tended to parallel and was, in part, due to prolongation of the QRS duration.
Blood Pressure
There was no significant change in diastolic pressures before and during infusion; however, a significant decrease in systolic pressure (mean change of 15.2 mm Hg) occurred at the end of infusion. Figure 4 A, control tracings of simultaneous X, Y, and inverse Z leads of the Frank orthogonal lead system and the His bundle electrogram from patient F.B. showing sinus rhythm at a rate of 65 beats/min. There is prolongation of A-V nodal (A-H) and infranodal (H-Q) conduction times. B, 5 min after initiation of infusion, sinus bradycardia (47 beats/min) developed at the time when the plasma procaine amide concentration (PA) was 4.9 gg/ml. C, 5 min later at a plasma procaine amide concentration of 7.0 ugg/ml, hypotension and a junctional rhythm with 1:1 retrograde conduction (arrows depict inverted P waves in lead Y) at a rate of 52 beats/min developed and the infusion was terminated. D, 12 min after termination of infusion, the patient's rhythm returned to sinus bradycardia at a rate of 49 beats/min. 
PROCAINE AMIDE ON IV CONDUCTION
In two patients (P.J. and F.B.) infusion was terminated because of significant (>30 mm Hg) falls in systolic pressure. In both patients the fall in systolic pressure was transient and returned to control levels within 10 min after termination of infusion. There was no significant correlation between the absolute or percent change in systolic pressure and peak procaine amide concentration.
Arrhythmia Control
In nine of the 16 patients the atrial and/or ventricular beats were sufficiently frequent (>5/min) to allow for meaningful comparisons between control, intraand postinfusion recordings. In seven of the nine patients the arrhythmia was either completely abolished (five subjects) or the number of premature beats was significantly decreased (two subjects). The frequency of premature beats decreased as therapeutic levels of procaine amide were achieved, and in some patients the arrhythmia recurred as plasma drug levels fell ( fig. 5 ). Although small increases in A-V conduction time were observed, development of high degree A-V block, increased ventricular ectopic beats, or cardiac asystole did not occur in any patient during the study. Representative simultaneous plot of frequency of ventricular premature beats (circles) and plasma procaine amide levels (squares) every 5 min during and after infusion in one patient.
Circulation, Volume XLIX, Marcb 1974 tion localized primarily to the ventricular specialized conduction system.5' 6 Furthermore, clinical studies implicated procaine amide as the cause of A-V block in patients with cardiac disease.7-9 Conceivably, patients with pre-existent IV conduction disturbances might be especially sensitive to this agent, and therefore, at greater risk for development of higher degrees of A-V block. Our study is unique in that we studied the electrophysiologic effects of procaine amide in patients with IV conduction disturbances.
Atrioventricular and IV Conduction
Our results establish the safety of intravenous administration of procaine amide in patients with bundle branch block insofar as high degree A-V block, ventricular ectopic beats, or cardiac asystole does not develop during or after procaine amide infusion. However, procaine amide infusion was associated with small and variable effects on A-V nodal conduction and consistent depression of infranodal conduction. The mean percent maximal lengthening of the H-Q interval was 18% (11 msec). These findings are in close agreement with those of previous studies of patients with normal A-V nodal and IV conduction.5 ' 6 In the present study, the degree of H-Q prolongation could not be predicted on the basis of control QRS duration, bundle branch block pattern, H-Q interval, or peak procaine amide level achieved. Although there was marked variability in magnitude and time course of the H-Q prolongation among our patients, maximal values were always achieved at the time of the peak procaine amide plasma level. Similarly, there was a small but statistically significant increase in QRS duration and the maximal change occurred at the time of the peak procaine amide plasma level. The surface recordings of only one patient (W.H.) showed an increase in QRS duration greater than 25% and the procaine amide level reached in this patient (19.6 ,g/ml) was the highest observed in this study.
Procaine Amide Levels
Therapeutic plasma levels of procaine amide (4-8 ,ug/ml)12 were achieved in all patients, and in 12 of the 16 patients peak plasma levels exceeded the usually accepted therapeutic range. In the vast majority of subjects the effects on the H-Q interval and QRS duration were greater at the same concentrations of plasma procaine amide after the infusion ( fig. 3 ), suggesting either slower equilibration with intracardiac receptor sites or a lag in tissue respon- siveness relative to given blood levels. Marked variations in plasma procaine amide levels among the subjects were noted despite normalization for body weight and rates of infusion. Plasma levels achieved were related primarily to tissue perfusion and drug distribution since the time course of infusion was such that negligible amounts of drug were cleared from the plasma by either hepatic metabolism or renal excretion.'6' 17 Koch-Weser clearly demonstrated that patients with congestive heart failure have a diminished volume distribution of procaine amide12 and hence higher plasma levels are achieved in these patients compared with normal subjects after comparable doses of the drug. In our study, however, there was no statistically significant correlation between the presence of cardiac failure and the plasma procaine amide levels achieved, but only three patients had clinical evidence of heart failure at the time of study. Equally significant, however, is the finding that a patient with heart failure and evidence of diminished peripheral perfusion (W.H., table 1) had the highest procaine amide levels. Further studies are needed to clarify the effects of heart failure and/or decreased cardiac output on plasma procaine amide levels, but caution should be used in administering large intravenous bolus infusions of procaine amide in patients with impaired cardiac function.
Clinical Implications
Our study demonstrated that acute intravenous infusions of procaine amide as administered in the study produced clinically effective plasma levels and were safe for patients with IV conduction disturbances in that no high degree of A-V block, ventricular ectopic beats or cardiac asystole resulted from procaine amide administration. Although most of the patients had prolongation of infranodal conduction at the peak procaine amide concentration, the magnitude of change was generally small (mean change, 11 msec) and probably of little clinical significance. It should be stressed, however, that these results are applicable only to the use of acute intravenous infusions of procaine amide. The safety of chronic oral or parenteral administration of this agent for these patients remains to be studied. Similarly, effects of this drug on patients with arterial hypoxemia, acid-base and/or electrolyte imbalance have not been defined, and therefore, appropriate caution should be used in the administration of this agent in these settings until more experience is available. Finally, caution should be used in the administration of this agent to patients with sinus bradyeardia. Although the group as a whole showed no significant change in heart rate, one patient with pre-existent sinus bradyeardia showed a pronounced fall in sinus rate during the infusion. One additional patient with sinus bradyeardia (who was not included in the present study because plasma procaine amide samples were not processed for technical reasons) developed a slowing of sinus rate and had episodes of atrioventricular dissociation during the infusion. Given the above limitations, our studies indicate that acute intravenous administration of procaine amide appears to be both safe and effective for patients with intraventricular conduction delay.
